Developed power variation of turbogenerator (TG) steam turbine, which operates at the conventional LNG carrier, allows insight into the change in turbine exergy efficiency and exergy destruction during the increase in turbine power. Measurements of required operating parameters were performed in eight different TG steam turbine operating points during exploitation. Turbine exergy efficiency increases from turbine power of 500 kW up to 2700 kW, and maximum exergy efficiency was obtained at 70.13% of maximum turbine developed power (at 2700 kW) in each operating point. From turbine developed power of 2700 kW until the maximum power of 3850 kW, exergy efficiency decreases. Obtained change in TG turbine exergy efficiency is caused by an uneven intensity of increase in turbine developed power and steam mass flow through the turbine. TG steam turbine exergy destruction change is directly proportional to turbine load and to steam mass flow through the turbine-higher steam mass flow results in a higher turbine load which leads to the higher exergy destruction and vice versa. e higher share of turbine developed power and the lower share of turbine exergy destruction in the TG turbine exergy power inlet lead to higher turbine exergy efficiencies. At each observed operating point, turbine exergy efficiency in exploitation is lower when compared to the maximum obtained one for 8.39% to 12.03%.
Introduction
Marine propulsion systems nowadays are usually based on diesel engines [1] . Because of their wide usage, a lot of simulation and optimization numerical models were developed [2, 3] in order to investigate their operating parameters. Today, researchers are intensively involved in the investigation of alternative fuels for diesel engines [4] with the goal of reducing their emissions [5] .
Unlike the rest of the world fleet, the dominant type of propulsion for LNG carriers of any kind is steam propulsion due to the specificity of their operation and the transported cargo [6] . e structure of marine steam propulsion system does not differ greatly in comparison with land-based steam power systems [7] , but some of its components and the principle of operation can significantly vary.
Steam propulsion system on the LNG carrier always consists of two steam generators [8] due to safety and reliable operation. ose steam generators have burners which can operate with two fuels simultaneously-with evaporated natural gas from cargo tanks and with heavy fuel oil, so its operation dynamics differ greatly when compared to industrial scale furnaces [9] . Each steam generator has an air heater where the air is heated with a steam because flue gasses from marine steam generators do not have high enough temperature for additional heating purposes.
e propulsion propeller drive is ensured with the main propulsion turbine [10] . Steam propulsion systems on the LNG carriers have at least two turbogenerator sets (turbogenerator sets consist of a low-power steam turbine, which drives an electric generator), and both turbogenerators operate in parallel [11] . Turbogenerator sets are designed to cover all ship requirements for electrical power, and its parallel operation ensures that ship electrical network has always at disposal enough electrical power, because safe navigation always has a priority. One such TG steam turbine is analyzed in this paper from the aspect of exergy efficiency and exergy power losses (exergy destruction) during the increase in turbine developed power. Along with the main propulsion turbine and two turbogenerator steam turbines, the majority of steam propulsion systems on LNG carriers have also one low-power steam turbine for the main feedwater pump drive, as can be found in several land-based steam power systems [12, 13] . Low-power steam turbine for the main feedwater pump drive is backpressure steam turbine-steam after expansion in this turbine is used in some other marine steam system components. After expansion in the main propulsion turbine and turbogenerators, steam was led to the main marine condenser on liquefaction. Main marine condenser operation differs greatly in comparison with main condensers from land-based steam power systems [14] , because cooling water (sea) is brought to a main marine steam condenser with pumps at low system loads after which follows a sea accumulation system (scoop) at high steam system loads.
Condensate and feedwater return channel from the main marine condenser to steam generators has several devices which provide water heating. e first of such devices after the main condenser is evaporator (freshwater generator) [15] , the marine steam system component which is not required in land-based steam power systems. After evaporator is located sealing steam condenser [16] and usually two condensate and feedwater heaters (low-pressure condensate heater [17] before deaerator and high-pressure feedwater heater [18] after deaerator). In comparison with land-based steam power systems, marine steam system has always much lower number of condensate and feedwater heaters, because of limited ship space. On water return channel is also mounted hot well for collecting all the condensate from the system. Condensate and feedwater heating system in landbased steam power systems as well as in marine steam propulsion systems is the most appropriate for various improvements [19] and optimizations [20] in order to reduce fuel consumption and thus emissions from steam generators [21] . New investigations for improving heat transfer as reported in [22] or [23] can surely be applied in marine steam propulsion systems at several heat exchangers, not only at condensate and feedwater heaters. e analyzed LNG carrier has two identical turbogenerator sets that operate in parallel. Each TG steam turbine has identical operating parameters (inlet and outlet steam temperatures, pressures, and mass flows) and for the analysis in this paper is selected one of them. Steam turbine for each electric generator drive comprises nine Rateau stages. Steam turbines with Rateau stages and their analysis can be found in [24] . Many details of the classic and special designs of marine steam turbines and their auxiliary systems are presented in [25] and [26] .
e main goal of this analysis was to obtain the optimal operating area of the TG steam turbine in which will be achieved maximum exergy efficiencies and minimum exergy destructions, for every turbine operating point. As a known parameter is taken a TG turbine developed power which was varied from 500 kW up to maximum turbine developed power of 3850 kW in steps of 100 kW. For each TG turbine developed power, turbine exergy efficiency and exergy destruction were calculated. Obtained areas of turbine maximum exergy efficiency and minimum exergy destruction were compared with the real LNG carrier exploitation (according to measured operating parameters). e main conclusion of TG steam turbine exergy analysis is that, in exploitation, turbine should be more loaded to obtain higher exergy efficiency in each operating point, but it would not be advisable that turbine operates at maximum load (at 3850 kW). TG turbine exergy destruction change does not follow the exergy efficiency trends, so from the viewpoint of turbine exergy destruction, it would not be advisable that turbine operates in the same operating areas as for maximum exergy efficiency. e distribution of TG steam turbine exergy power inlet shows that the higher share of turbine developed power and the lower share of turbine exergy destruction in exergy power inlet lead to higher turbine exergy efficiencies.
Main characteristics of the LNG carrier in which steam propulsion system is mounted analyzed turbogenerator steam turbine are presented in Table 1 .
TG Steam Turbine Exergy Analysis

Equations for the Exergy Analysis.
Exergy analysis is based on the second law of thermodynamics [27] . e main exergy balance equation for a standard volume in steady state is [28, 29] _
where the net exergy transfer by heat ( _ X heat ) at the temperature T is equal to [30] 
Specific exergy was defined according to [8, 31] by the following equation:
e total exergy of a flow for every fluid stream can be calculated according to [11] _ Exergy efficiency is also called second law efficiency or effectiveness [32] . It is defined as
Turbogenerator Turbine Exergy Efficiency and Exergy
Destruction. Low-power steam turbine for electrical generator drive is condensing type and consists of nine Rateau stages [33] . Schematic view of steam turbine, which is directly connected to an electric generator, is presented in Figure 1 . Steam mass flow, steam specific enthalpy, and steam specific entropy at the TG steam turbine inlet and outlet are also presented in Figure 1 . TG turbine power calculation at different loads was necessary for the TG turbine analysis. e turbine developed power in relation to steam mass flow through the turbine was approximated by the third degree polynomial by using producer data [33] :
where P TG was obtained in kW when _ m TG in kg/h was placed in (6) . Steam mass flow through the TG turbine ( _ m TG ) was measured at each observed turbine operating point.
Steam mass flow at the TG turbine inlet is the same as steam mass flow at the TG turbine outlet because during measurements was not detected any steam leakage. e mass balance for the TG steam turbine inlet and outlet is
According to Figures 1 and 2 , h 1 is steam specific enthalpy at the turbine inlet and h 2 is steam specific enthalpy at the turbine outlet after real (polytropic) expansion. Complete exergy analysis of TG steam turbine is based on the real (polytropic) turbine expansion. Ideal (isentropic) expansion is presented in Figure 2 just to compare ideal steam expansion process on the turbine with the real one. Steam specific enthalpy at the turbine inlet (h 1 ) and steam specific entropy at the turbine inlet (s 1 ) were calculated from the measured pressure and temperature. Steam specific enthalpy at the turbine outlet (h 2 ) was calculated from the turbine power P TG in kW and measured steam mass flow _ m TG in kg/s according to [27] by using the following equation:
e steam specific entropy at the turbine outlet (s 2 ) was calculated from steam specific enthalpy at the turbine outlet (h 2 ) and measured pressure at the turbine outlet (p 2 ), as shown in Figure 2 .
Steam specific enthalpy at the turbine inlet and both steam specific entropies (at the turbine inlet and outlet) were calculated by using NIST REFPROP 8.0 software [34] .
TG steam turbine exergy power inlet is calculated according to [7] by using the following equation:
while TG steam turbine cumulative exergy power outlet is calculated as
Cumulative TG steam turbine exergy power outlet consists of two parts: steam exergy power outlet and turbine developed power.
TG steam turbine exergy destruction (exergy power loss) was calculated according to [35, 36] by using the following equation:
(11) Steam specific exergies at the TG turbine inlet and outlet were calculated according to (3) by using calculated steam specific enthalpies and steam specific entropies at the turbine inlet and outlet.
e ambient state in the LNG carrier engine room during measurements was (i) pressure:
e exergy efficiency of a TG steam turbine was calculated according to [35, 37] by using the following equation:
Developed Power Variation Principle of a TG Steam
Turbine. TG steam turbine developed power can be calculated according to Figure 2 by the following equation:
ree different methods can be used for the TG turbine power variation.
e main assumption, valid at any TG steam turbine operating point, is always the same steam inlet pressure and temperature and the same steam outlet pressure. TG turbine power variation methods are as follows:
(1) Change in steam mass flow through the TG steam turbine (2) Change in the value of steam specific enthalpy at the turbine outlet (h 2 ) (3) Combination of methods 1 and 2.
To present the change in TG steam turbine exergy efficiency and exergy destruction in this paper is selected the combined method (method 3) for each operating point.
Turbine developed power was varied from 500 kW up to a maximum of 3850 kW in steps of 100 kW. Power change requires a change in steam mass flow through the turbine, so the adequate steam mass flow for any turbine power was calculated by using the reversed equation (6) . At each operating point, steam pressure and temperature at the turbine inlet and steam pressure at the turbine outlet remain identical to the measured data. Steam specific enthalpy at the turbine outlet (h 2 ) was calculated for each turbine power and mass flow by using (8) . Steam specific entropy at the turbine outlet (s 2 ) was calculated for each turbine power and mass flow by using steam specific enthalpy at the turbine outlet (h 2 ) and steam pressure at the turbine outlet (p 2 ). Change in steam specific enthalpy at the turbine outlet (h 2 ) and change in steam specific entropy at the turbine outlet (s 2 ) along with the change in steam mass flow and turbine developed power cause the change in TG steam turbine exergy efficiency and exergy destruction, (11) and (12).
Measurement Results and Measuring Equipment of the Analyzed TG Steam Turbine
Measurement results of required operating parameters for TG turbine are presented in Table 2 . Operating points in Table 2 presented LNG carrier steam system load (1 is the lowest system load, and 8 is the highest system load). TG steam turbine developed power does not depend on steam propulsion system load, and it depends only on the inclusion or exclusion of ship electrical consumers. Inclusion of the new electrical consumer or more of them will increase the TG steam turbine developed power and vice versa. All the measurement results were obtained from the existing measuring equipment mounted on the TG turbine inlet and outlet. List of all used measuring equipment is presented in Table 3 .
Exergy Efficiency and Exergy Destruction Change during Developed Power Variation of a TG Turbine
Change in TG steam turbine exergy efficiency and exergy destruction during the turbine developed power variation was presented in three operating points from Table 2 -operating points 3, 5, and 8. Obtained conclusions from these three TG steam turbine operating points are also valid in all the other turbine operating points.
TG Turbine Developed Power Variation-Operating
Point 3. TG steam turbine exergy efficiency change in operating point 3 (Table 2) , during the developed power variation, is shown in Figure 3 . Increase in turbine developed power firstly causes an increase in exergy efficiency until the maximum value, after which follows a decrease in turbine exergy efficiency. Maximum turbine exergy efficiency is obtained at power of 2700 kW (70.13% of maximum turbine power) and amounts 68.18%. In this operating point, at the highest turbine load of 3850 kW, exergy efficiency amounts 66.10%. Turbine exergy efficiency in each operating point, as well as in operating point 3, is calculated by using (12) . An increase in turbine developed power causes an increase in steam mass flow through the turbine, which is calculated by using the reversed equation (6) where the turbine power is known and steam mass flow is an unknown variable. An increase in turbine developed power and mass flow causes a change in steam specific enthalpy at the turbine outlet (h 2 ) and also a change in steam specific entropy at the turbine outlet (s 2 ).
e most important variables which ratio defines TG turbine exergy efficiency change are turbine power and the corresponding steam mass flow. In the turbine power range from 500 kW until the 2700 kW, turbine exergy efficiency increases because the intensity of increase in turbine developed power is higher in comparison with an increase in steam mass flow through the turbine. In the turbine power range from 2700 kW until the highest turbine load of 3850 kW, the intensity of increase in turbine power is lower in comparison with an increase in steam mass flow through the turbine, so as a result in that operating area, turbine exergy efficiency decreases.
TG steam turbine load depends on ship electrical consumers and their current needs for the electrical power. In operating point 3, TG steam turbine exergy efficiency during LNG carrier exploitation amounts only 56.87% which is the much lower exergy efficiency than the maximum one obtained for this operating point. To obtain higher turbine exergy efficiency in the exploitation, the TG steam turbine should be more loaded, but not more than 2700 kW.
TG steam turbine exergy destruction is calculated by using (11) for each observed operating point. Turbine exergy destruction is the most influenced by steam mass flow through the turbine. Even a small increase in steam mass flow significantly increases the result of an (11) . An increase in turbine developed power has much lower influence on the turbine exergy destruction change in comparison with the increase in steam mass flow. Continuous increase in steam mass flow during the TG turbine developed power increase from 500 kW to 3850 kW causes a continuous increase in turbine exergy destruction, as presented in Figure 4 . is conclusion is valid not only in operating point 3 but also in all the other TG turbine operating points.
During LNG carrier exploitation in operating point 3, TG steam turbine exergy destruction amounts 628.82 kW, while at TG turbine maximum exergy efficiency in this operating point (at turbine developed power of 2700 kW), turbine exergy destruction amounts 1259.82 kW. At maximum turbine power of 3850 kW, exergy destruction is the highest and amounts 1974.62 kW.
TG steam turbine developed power variation showed that exergy destruction is not proportional to the turbine exergy efficiency but is directly proportional to turbine load-higher turbine load results in the higher exergy destruction and vice versa.
Analyzed TG steam turbine exergy power inlet can be presented as a sum of a turbine developed power, steam exergy power at the turbine outlet, and turbine exergy destruction, (9) . It is interesting to present and compare such distribution of the exergy power inlet at two steam turbine operating phases for TG steam turbine operating point 3: first is a phase of exploitation and the second is a phase at which turbine obtained maximum exergy efficiency, Figure 3 .
For TG steam turbine operating point 3, steam exergy power at the turbine outlet takes a very low share in the exergy power inlet (only 4% during exploitation and 3% at a phase of maximum exergy efficiency). e most notable differences between the phases of exploitation and maximum exergy efficiency can be seen in shares of turbine developed power and exergy destruction in the exergy power inlet. During exploitation, the share of turbine developed Modelling and Simulation in Engineeringpower in the exergy power inlet is 12% lower, while the share of exergy destruction in the exergy power inlet is 11% higher in comparison with a phase of maximum exergy efficiency, Figure 5 .
Clearly, it can be concluded that the higher share of turbine developed power and the lower share of turbine exergy destruction in the exergy power inlet lead to higher turbine exergy efficiencies. e influence of steam exergy power at the turbine outlet on the turbine exergy efficiency is negligible.
TG Turbine Developed Power Variation-Operating Point 5.
Change in exergy efficiency of TG turbine in operating point 5 (Table 2) , during the developed power variation, is shown in Figure 6 . As in previous operating point, an increase in turbine developed power causes an increase in exergy efficiency until the maximum value, after which follows a decrease in turbine exergy efficiency.
In operating point 5, maximum turbine exergy efficiency is also obtained at developed power of 2700 kW and amounts 66.78%. For this operating point, at the highest turbine load of 3850 kW, exergy efficiency amounts 64.73%, while during LNG carrier exploitation turbine exergy efficiency amounts only 54.79%.
e reasons for such TG turbine exergy efficiency change in operating point 5 are identical as in operating point 3 described earlier. To obtain higher turbine exergy efficiency in the exploitation, the TG steam turbine should be more loaded also in observed operating point 5, but the turbine load must not exceed the value of 2700 kW.
Continuous increase in steam mass flow during the TG turbine power increase from 500 kW to 3850 kW causes a continuous increase in turbine exergy destruction, as presented in Figure 7 , also at a TG turbine operating point 5. As before, steam mass flow is a dominant factor which defines the change in TG steam turbine exergy destruction.
TG steam turbine exergy destruction during LNG carrier exploitation in operating point 5 amounts 632.21 kW. At maximum exergy efficiency (2700 kW) in this operating point, the turbine exergy destruction amounts 1343.09 kW, while at maximum turbine power of 3850 kW exergy destruction is the highest and amounts 2097.61 kW. As in TG turbine operating point 3, exergy destruction in operating point 5 is directly proportional to turbine load-higher load results in the higher exergy destruction and vice versa.
At turbine operating point 5, steam exergy power at the turbine outlet takes a share in the exergy power inlet lower than in operating point 3 analyzed before (only 3% during exploitation and 2% at a phase of maximum exergy efficiency). Again, the most notable differences between the phases of exploitation and maximum exergy efficiency are obtained in the shares of turbine developed power and exergy destruction in the exergy power inlet, Figure 8 . During exploitation at TG steam turbine operating point 5, the share of turbine developed power in the exergy power inlet is 13% lower, while the share of exergy destruction in the exergy power inlet is 12% higher in comparison with a phase of maximum exergy efficiency.
As for turbine operating point 3, at turbine operating point 5 is also valid a conclusion that the higher share of turbine developed power and the lower share of turbine exergy destruction in the exergy power inlet lead to higher turbine exergy efficiencies.
TG Turbine Developed Power Variation-Operating Point 8.
e same trends and conclusions obtained from TG steam turbine operating points 3 and 5 during turbine developed power variation are also valid for operating point 8 (Table 2 ). In operating point 8, maximum turbine exergy efficiency amounts 70.06% and, as before, is obtained at turbine developed power of 2700 kW. At the highest turbine load (3850 kW) in operating point 8, exergy efficiency amounts 67.94%, while during LNG carrier exploitation TG turbine exergy efficiency amounts only 60.46%, Figure 9 . TG steam turbine exergy efficiency during LNG carrier exploitation is 9.6% lower than the maximum one obtained in operating point 8.
TG turbine operating point 8 also confirmed conclusion that exergy destruction is proportional to turbine load-higher load results in the higher exergy destruction Modelling and Simulation in Engineering 7
and vice versa, Figure 10 . In operating point 8 TG steam turbine exergy destruction during LNG carrier exploitation amounts 621.86 kW, at maximum exergy efficiency turbine exergy destruction amounts 1153.88 kW, while at maximum turbine power of 3850 kW, exergy destruction is the highest and amounts 1816.85 kW. Steam exergy power at the turbine outlet in operating point 8 has sensibly higher share in the exergy power inlet when compared with operating points 3 and 5, and it amounts 6% in both exploitation and at maximum turbine exergy efficiency phase, Figure 11 . TG steam turbine operating point 8 does not deviate when compared with operating points 3 and 5-the most notable differences between the phases of exploitation and maximum exergy efficiency can be seen in shares of turbine developed power and exergy destruction in the exergy power inlet. In a phase of maximum exergy efficiency, the share of turbine developed power in the exergy power inlet is 9% higher, while the share of exergy destruction in the exergy power inlet is 9% lower in comparison with the exploitation phase, Figure 11 . e same conclusion follows from all three analyzed turbine operating points (operating points 3, 5, and 8)-the higher share of turbine developed power and the lower share of turbine exergy destruction in the exergy power inlet lead to higher turbine exergy efficiencies and vice versa. is conclusion is also valid for all the other TG steam turbine operating points presented in Table 2 .
Comparison of Steam Turbine Exergy Efficiency and Exergy Destruction for All Observed Operating Points (Exploitation versus Maximum Exergy Efficiency Phase)
In this section is presented a comparison of TG steam turbine exergy efficiencies and exergy destructions at two operating phases-during the exploitation and during the phase of maximum exergy efficiency obtained by turbine developed power variation. e comparison is presented for all TG steam turbine analyzed operating points from Table 2 . For all observed TG steam turbine operating points is valid a conclusion that maximum turbine exergy efficiency will be obtained at turbine developed power of 2700 kW. In operating point 7, turbine exergy efficiency in exploitation is the closest to the maximum possible one and the difference is 8.39% (exploitation exergy efficiency in operating point 7 amounts 60.92% while the maximum exergy efficiency for this turbine operating point is 69.71%). For turbine operating points 4 and 5, exploitation exergy efficiencies are the farthest from the maximum obtained ones-difference is 11.99% for operating point 5 and 12.03% for operating point 4, Figure 12 .
e highest turbine exergy efficiencies for exploitation are obtained in operating points 1 and 7 (60.95% for operating point 1 and 60.92% for operating point 7), while the highest turbine exergy efficiencies obtained by turbine developed power variation are 69.67% for operating point 1 and 70.06% for operating point 8.
When compared exergy destructions of TG steam turbine in all observed operating points from Table 2 , it can be seen that turbine exergy destruction is much lower at the exploitation phase in comparison with the phase of maximum exergy efficiency, Figure 13 . e lowest difference in the analyzed turbine exergy destruction between exploitation and maximum exergy efficiency phase can be seen in operating point 1 and amounts 525.91 kW (at operating point 1, turbine exergy destruction in exploitation amounts 649.70 kW, while for the same operating point at a phase of maximum exergy efficiency, turbine exergy destruction amounts 1175.61 kW).
e highest difference in the analyzed turbine exergy destruction between exploitation and maximum exergy efficiency phase is obtained in operating point 5 and amounts 710.88 kW, Figure 13. e average difference in turbine exergy destruction between exploitation and maximum exergy efficiency phase for all eight observed operating points amounts 604.55 kW.
e value of turbine exergy destruction is not the only variable which defines turbine exergy efficiency value. According to (12) , turbine exergy efficiency is depended on the ratio of turbine developed power and turbine exergy destruction (turbine exergy destruction is the most influenced with a steam mass flow through the turbine). When turbine developed power increases with a higher intensity in comparison with increase in turbine exergy destruction (increase in turbine exergy destruction is proportional to increase in steam mass flow)-turbine exergy efficiency will increase.
erefore, an increase in turbine exergy destruction does not have to reduce turbine exergy efficiency simultaneously; moreover, for the analyzed TG steam turbine, increase in turbine developed power up to 2700 kW will be resulted in a simultaneous increase in turbine exergy destruction and exergy efficiency.
Conclusions
Numerical analysis of TG steam turbine exergy efficiency and exergy destruction (exergy power losses) change during the variation in turbine developed power was presented in this paper. TG steam turbine operates in the conventional LNG carrier steam propulsion system. Measurements were performed in eight different TG steam turbine operating points, and detailed analysis is presented for three randomly selected operating points, but major conclusions are valid for the entire TG turbine operating range.
Analyzed TG steam turbine exergy efficiency increases from 500 kW to 2700 kW of developed power, and maximum exergy efficiency was obtained at 70.13% of maximum turbine power (at 2700 kW) in each observed operating point. From 2700 kW until the maximum of 3850 kW, TG turbine exergy efficiency decreases. Increase and decrease in TG turbine exergy efficiency are caused by an uneven intensity of increase in turbine developed power and steam mass flow. e recommendation is that, in exploitation, the TG steam turbine should be more loaded to achieve higher exergy efficiency, but the turbine load must not exceed the value of 2700 kW.
TG steam turbine exergy destruction is proportional to turbine load, while turbine load is proportional to steam mass flow through the turbine-higher steam mass flow results in a higher load which leads to the higher exergy destruction and vice versa. e lowest TG turbine exergy destruction is obtained at the lowest observed turbine load, while the highest exergy destruction is obtained at the highest turbine load in each operating point.
e main reason for continuous increase in turbine exergy destruction during the developed turbine power increase is found in continuous increases in steam mass flow through the turbine. Even a small increase in steam mass flow significantly increases the turbine exergy destruction.
It was also investigated the distribution of turbine exergy power inlet for three randomly selected operating points. e major conclusion from the turbine exergy power inlet distribution analysis is that the higher share of turbine developed power and the lower share of turbine exergy destruction in the exergy power inlet lead to higher turbine exergy efficiencies and vice versa. e influence of steam exergy power at the turbine outlet on the turbine exergy efficiency change is negligible.
At each observed operating point, turbine exergy efficiency in LNG carrier exploitation is lower from 8.39% to 12.03% when compared to the maximum obtained one by this analysis. For all of the observed TG steam turbine operating points, exergy destruction in exploitation is lower between 525.91 kW and 710.88 kW in comparison with maximum exergy efficiency phase.
is analysis can be helpful to ship crew not only on the analyzed LNG carrier but also on other similar LNG carriers with similar turbogenerator units to optimize their operation and achieve the highest possible exergy efficiencies in each TG steam turbine operating point.
